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EXECUTIVE SUMMARY 


Recognizing the need to protect the high quality environment of the Flat- 
head River Basin, Congress in 1977 directed the Environmental Protection Agency 
(EPA) to study the possible environmental impacts of resource development in 
the Flathead River Basin. The study is to be carried out over a five-year 
period commencing in 1978. 

This report summarizes the first year of air quality, meteorology, and 
visibility data collected by the Air Quality Bureau of the Montana Department 
of Health and Environmental Sciences. The air quality data covers particulates, 
particle size, sulfates, nitrates, and trace elements. The meteorology data 
includes surface and upper air parameters. The visibility data includes 


scattering coefficients, turbidity, and diffuse radiation. 
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I. ITRODUCTION 


Recognizing the need to protect the high quality environment of the Flat- 
head River Basin, Congress in 1977 directed the Environmental Protection Agency 
(EPA) to study possible environmental impacts of resource development in the 
Flathead River Basin. In response the EPA cooperated with state and local 
government bodies and interested individuals to establish the Flathead River 
Basin Environmental Impact Study. 

The Flathead Study is directed by a 15-member Steering Committee composed 
of a representative of EPA, state government, the Confederated Salish-Kootenai 
Tribal Council, local governments, area citizens, and several federal agencies. 
The overall goal of the Steering Committee, and of the Flathead Study itself, 
is to provide a data base to help citizens, government and industry in the 
Flathead River Basin make decisions concerning the environment. More specifically, 
the Study will develop the analytical ability to assess potential impacts and 
provide necessary management tools to control the various levels, types, and 
locations of developmental activity. 

The Air Quality Bureau (AQB) was requested by the Steering Committee early 
in 1978 to assess the need for additional air quality studies and prepare a 
proposal for the air quality work. The AQB identified five specific goals or 
needs for the Flathead Basin air quality studies. These goals were: 

1. To quantify the existing air quality within the Basin; 

2. To identify existing levels and sources of air pollution which 


affect the Basin; 


3. To quantify the meteorology of the Basin at both low and high 

altitudes; 

4. To develop the capability to assess the effects of man's activities 

upon the air quality of the Basin; and 

5. To develop guidelines to protect and enhance the air quality of the 

Basin. 

The air quality monitoring study plan specifies several objectives, broken 
down by year for the five study years. 

During the initial year of study, June 1978 through June 1979, the upper 
meteorological system that had been operating at the Glacier International Air- 
port continued to function. Two surface wind stations also were installed and 
operated in the area. A contracting meteorologist was hired to handle the 
instrument operation and data analysis. The following sites were monitored 
with the samplers listed during 1978: 

Moose City (Canadian border) (see Figure 1) - high volume sampler 

(total suspended particulate) 
Polebridge - dichotomous sampler (particulate sizing instrument) 
- surface wind station 

Glacier International Airport - pilot balloon program (upper level wind 

flow) 

- temperature sonde system (inversion heights and temperature 
lapse rate) 

- acoustic radar (relative stability, mixing heights, and 
inversion heights) 

- surface meteorological system (pressure, wind, temperature, 


dewpoint) 


nephelometer (visibility) 


pyranometer (two wavelengths - total solar radiation) 


pyrheliometer (two wavelengths - direct solar beam) 


dichotomous sampler 
Ronan - high volume sampler 
Polson - dichotomous sampler 
- surface wind system 
Several other AQB monitoring sites were continued in operation: 
Columbia Falls area - high volume samplers (two) 
- surface wind system 

Kalispell - high volume sampler 

The AQB also provided analysis of the particulate filters for nitrates 
and sulfates. 

It was specified in the study plan that a final report containing an 
analysis of all data collected during 1978 would be published. This report 
was to summarize various aspects of the meteorology, air quality, and visibility 
in a technical format. 


The budget requested for 1978 was as follows: 


Equipment $27 ,000 
Supplies 14,000 
Contractual 26 ,000 
Travel 3,000 

$70,000 


During 1979 the various sites started during 1978 were continued. In 
addition, particle size instruments were to be installed adjacent to high volume 
samplers in Kalispell, Ronan, and Columbia Falls. These instruments provide 
valuable data on the amount of respirable and non-respirable suspended dust in 


the air. 


Further, the AQB was to conduct a detailed inventory of the area and point 
sources of air pollution in the Flathead and Lake Counties. This would include 
all major air pollution sources contributing to air pollution of the valley, 
whether they were located in the valley or outside it. The primary pollutants 
to be inventoried included particulates, sulfur dioxide. carbon monoxide, 


hydrocarbons, and nitrogen dioxide. The proposed budget for 1979 work was: 


Equipment $16,000 
Supplies 20,000 
Contractual 50,000 
Travel 3,000 

$89 ,000 


Following the completion of 1979 sampling, a second detailed report will 
Summarize the data analysis for 1978-79 data collection. The report will cover 
all phases of the air quality, meteorology, and visibility study. 

During 1980, the existing network would continue to be operated. Vari= 
ability in meteorological conditions warrants several years operation to insure 
a valid data sample. An upper air meteorological site is scheduled for in- 
Stallation in the Ronan area. This additional site would require an additional 
contracting meteorologist and various supplies. The Ronan area is subject to 
a much different air stagnation problem than the northern Flathead Valley. 

The Ronan area meteorology is influenced by the Flathead Lake and the surrounding 
mountains. During the 1980 study period a modeling study is supposed to be 
performed. The modeling analysis would consist of two parts: (1) a wind flow 
model; (2) a pollutant "carrying capacity" model. 

The wind flow model would use all existing surface and upper level wind 
Sites in conjunction with the topography to show exactly how the wind flows 


throughout the Flathead Valley from the North Fork of the Flathead to the Ronan 


area. The model would show flows for various meteorological patterns determined 
to be the most dominant or crucial to the area with respect to air quality and 
meteorology. The model would be valuable for siting of new industries and other 
work where it is useful to know where the pollutants will be carried. 

The second part of the modeling would determine the carrying capacity of 
the Flathead Valley. The carrying capacity is determined much as a range 
manager determines the number of animals permitted to graze on a pasture except 
in this case the question regards how much air pollution is compatible with 
various types of land use. The output from the first modeling step would be 
used as input along with the air quality data to determine an atmospheric 
constraint index or air quality restrictions for each grid on the map. 

It is evident that these two models would be extremely useful to govern- 
ment bodies concerned with growth of the Flathead area. This modeling was not 
scheduled until 1980 to permit collection of data on upper air meteorology and 
air quality in the Ronan area. 


The proposed budget for 1980 is as follows: 


Supplies $38,000 
Contractual 85 ,000 
Travel 7,000 
Equipment 24 ,000 

$154,000 


Following the 1980 collection period, a detailed report is to summarize 
1978-1980 data analysis and the modeling analysis. 

Work similar to that performed during the previous years is envisioned for 
1981-1982. It is difficult to predict problems that far in advance, but budget- 
ary flexibility is maintained to a!low for the possible need for work beyond 


what is now planned. During the fifth year the sampling would be completed 


and all the previous analysis tied together into one large summary report. 


The proposed budget for 1981 and 1982 is as fellows: 


Contractual $45 ,000 
Supplies 273000 
Travel 5 ,000 

$77,000 


CANADA 


Z, 


) Bowman 6 ore 


Nee Bp, Z. 
Ve eo es 
% is TS ee arte Loke 
a, Ae 
ae (i Polebrid 
ie olebridge @ UF esa oiken 
pt 
SD 
4 


Mc Oondld gx 


si . 
yh 
Lake 
Vv 
Ce aera 
. o. 
) & 
\ \ ‘ West Glacier 
Whitefish Loke \- J QP 


J 


®Big Mountain Ny 
Whitefish 3 ( 
e ay Martin City 


ae 
Oy Columbo Falls 


HUBBART 
RESERVOIR 


| 


Hogs 
re 
Clark & S 99 Mc Donald 
Fork \v Lox, | Loke 
River ——e us \ MISSION 
; : ovalli a. 
i St Marys Loke f 


Loke 


Scale 1:1,000,000 
ee = 


THE FLATHEAD RIVER BASIN 


River Basin Boundary 


AIR QUALITY 
SAMPLING SITES 


Lower Jocko 


FL aTHe ao 
Oasia 


MONTANA 


|DjuauuoD 


v2. 
Si 
pa 
® 


_—__ 


| FIGURE | 


Flathead Basin Air Quality Sampling Sites 


Moose City 
Polebridge 
Water Supply 
Columbia Falls 


Glacier International 
Airport 


Kalispell 
Polson 
Ronan 


Bigfork 


Parameters Sampled 


Total Suspended Particulates 
Particle Size, Wind 

Total Suspended Particulates, Wind 
Total Suspended Particulates 


Particle Size, Upper Air and Surface 
Meteorology, Visibility 


Total Suspended Particulates 
Particle Size, Wind 
Total Suspended Particulates 


Total Suspended Particulates 


I], AMBIENT AIR QUALITY 


A.“sParticulates 

Two methods of particulate monitoring were used in the Flathead Basin 
during 1978-79. The first method used a high volume sampler. This sampler 
draws the ambient air through a pre-weighed filter for a twenty-four hour 
period. Following the sample collection, the filter is again weighed. This 
sampling method measures the particles (or dust) suspended in the air over 
a large size range, hence the term "total suspended particulates". Total 
suspended particulate (TSP) monitoring was performed at four sites in the 
Basin during 1978 and at six sites in 1979. 

Tables 1 and 2 summarize the TSP levels at these sites during 1978 
and the first six months of 1979, respectively. The tables show the highest 
and second highest TSP concentrations along with the arithemtic average for 
that period. The data appears to indicate that the greater the population 
and industrial activity the higher the TSP concentrations. Kalispell re- 
corded the highest twenty-four hour and arithmetic average concentrations 
during 1978 and 1979, whereas Moose City at the U.S.-Canada border recorded 
the lowest twenty-four hour and arithmetic average concentrations for both 
1978 and 1979. The arithmetic average concentrations at Kalispell (Strom) 
during 1978 and 1979 were 65 and 98 micrograms per cubic meter (ug/m3) 
respectively. The arithmetic average concentrations in Ronan were also 
high in the first six months of 1979 at 90 ug/m3. 

Table 3 shows the monthly trend in TSP levels at the Kalispell site. 


Only eight months of data is available at this site but the data does show 


a trend toward highest TSP leyels in the spring (March and April) and lowest 
levels in the winter (December and January). Table 4 shows the monthly 
trend for Ronan site for the same eight months. This site also shows a 
seasonal trend similar to that at the Kalispell site except that the highest 
TSP Jevels occurred in June. However, high TSP levels did occur in the 
spring (April and May) with fairly low levels in the winter (December and 
January). 

Table 5 shows the same monthly trend for the Water Supply site north 
of Columbia Falls. This site has less impact from population or industrial 
activity than the Kalispell or Ronan sites. The Water Supply site also 
has almost one and one-half years of data availabie. Analysis of the data 
however, does not show any apparent trend. TSP concentrations are fairly 
low throughout the year with the highest monthly average occurring in 
October, 1978 (39 ug/m3). The lowest monthly average occurred in December, 
1978 (8 ug/m3) 

The second device for measuring the particulates in the Flathead Study 
was a dichotomous sampler. This sampler works on the filter technique 
much as the high volume sampler does, but with the dichotomous sampler, two 
filters are used to separate the particles into two size ranges. These 
ranges were 1) less than 2.5 one: and 2} from 2.5. to 15 mtérons. The 
high volume sampler on the other hand collected particles up to 100 microns. 
Therefore, the two measurement methods cannot be compared directly. Three 
Sites in the basin had dichotomous samplers during the first year of the 
study. These were Glacier Internation Airport, Polson,. and Polebridge. 
Tables 6 through 8 summarize the data for these sites. The results from 
the Airport site and the Polson site appear very similar with the biggest 


difference between the sites occurring in the concentration of particles from 


10 


2.5 to 15 microns. The concentration of smaller particles (less than 2.5 
microns) appears similar at the Airport and Polson sites, At the Airport 
site roughly one-half of the concentration of particles occurs on each size 
range. However, at the Polson site, there were approximately twice as many 
larger particles as smaller. The month with the lowest concentration of 
small particulates at the Airport site was December with 7.7 ug/m3, The 
highest concentration of small particles occurred during January with 27.5 
ug/m3. The larger particle concentration was highest in October and lowest 
in January with 23.1 and 7.0 ug/m3, respectively. This trend of highest and 
lowest values was similar at the Polson site. The highest concentration of 
small particles occurred in January and the lowest concentration occurred 
in December with 27.8 and 8.7 ua/m3 respectively. The larger particle 
concentration was highest in October and lowest in January with 49.9 and 
6.5 ug/m3 respectively. 

The third dichotomous sampler was located at Polebridge, The sampler 
at this site recorded much lower total particulate concentrations and lower 
concentrations of large particles than either the Polson or Airport sites. 
However, the concentrations of small particles was similar at all three 
sites except in January. The concentration of small particles in January at 
the three sites was 27.5, 27.8 and 6.8 for the Airport, Polson and Polebridge 
sites, respectively. The ratio of the concentration of large particles to 
small particles was roughly 1 to 2.5. This ratio is reversed from that of 
the other two sites indicating that with increased population and industrial 
activity, the concentration of large particles increases whereas the concen- 
tration of small particles remains fairly constant. 

.B. Sulfates and Nitrates 


Sulfate and nitrate analyses were performed on the particulate filters 


from the high volume sampler, The results of these analyses are presented in 
Tables 9 through 19, Tables 9 and 10 summarize the sulfate concentrations 
for 1978 and the first part of 1979. The results are for the high volume 
sampler sites discussed under the particulate section. The results show 
highest sulfate concentrations occurred at Kalispell and Ronan in 1978 and 

at Kalispell] and the Glacier Airport in 1979. Lowest sulfate concentrations 
occurred at the Moose City site during both years. 

The monthly trend in sulfate levels is shown in tables 11 through 13 
for the Kalispell, Ronan, and Water Supply sites. The Kalispell sulfate 
levels indicate highest concentrations occurring in January, 1979 and lowest 
concentrations in May 1979. This same pattern is followed at the Ronan 
site. The Water Supply site north of Columbia Falls measured highest sulfate 
levels in February, 1978 and lowest levels in December, 1978. 

Tables 14 through 18 show similar statistics for the nitrate concentra- 
tions measured in the basin. Tables 14 and 15 show the average nitrate 
levels that occurred in 1978 and 1979. During 1978 the highest average 
nitrate level occurred at the Kalispell site (1.6 ug/m3) whereas the lowest 
occurred at Moose City (0.3 ug/m3). The highest one time reading in 1978 
occurred at the Water Supply site. During 1979 the highest average nitrate 
levels occurred at the Kalipell site (2.6 ug/m? ) whereas the lowest occurred 
again at Moose City (0.6 ug/m3). The maximum one time reading occurred 
at the Kalispell and Ronan sites (6.6 ug/m3). 

Tables 16 through 18 show the trend of monthly levels of nitrates at 
the Kalipell, Ronan, and Water Supply sites. At the Kalispell site, the 
highest average nitrate level occurred in February, 1979 (3.9 ug/ms) whereas 
the lowest occurred in October, 1978 (1.0 ug/m>). 


The Ronan site measured the highest average monthly nitrate levels in 


12 


January, 1979 (3.8 ug/m3) whereas the Towest occurred in December, 1978. 
The Water Supply site north of Columbia Falls indicated a trend of lowest 
nitrate levels in the summer and highest levels in the winter, The Jowest 
monthly average occurred in June, 1978 (0.3 ug/m3) whereas the highest 
monthly average occurred in January 1978 (2.0 ug/m3) , 

As with the particulate levels, sulfate and nitrates increased as 
population and industrial activity increased. Highest sulfates and nitrates 
were measured in Kalispell with lowest levels measured in Moose City. 

C. Trace Elements 

Table 19 summarizes the trace element concentrations measured at the 
Water Supply site north of Columbia Falls. Various trace element concentra- 
tions are listed for 1978. Comparison is also made to the TSP levels that 
occurred over the same time period. All concentrations of trace elements 
are low with aluminum occurring in the highest concentrations and arsenic 


occurring in the lowest concentrations. 
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TABLE 1 


Flathead Basin Air Quality Levels* 
Parameter: Total Suspended Particulates 
Collection Period: 1978 


Maximum Second High Arithmetic 

Site Reading Reading Mean 
Water Supply-Columbia 

Falls 59 56 25 
Moose City 40 18 14 
Kalispel1-Sherman® 41] 294 114 
Kalispell-Strom® 110 105 65 
Ronan 170 120 48 


*Values in micrograms per cubic meter 
Asherman site moved to Strom in September 1978 
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TABLE 2 


Flathead Basin Air Quality Levels* 
Parameter: Total Suspended Particulates 
Collection Period: Jan.-June 1979 


Maximum Second High Arithmetic 
Site Reading Reading Mean 
Water Supply-Col. Falls 63 50 26 
Moose Cityt+ 15 12 10 
Glacier Airport 120 117 57 
Kalispell-Strom 343 289 98 
Polson 162 149 66 
Ronan 311 179 90 


*Values in micrograms per cubic meter 
+Only two months of data 


US) 


TABLE 3 


* 
Flathead Basin Air Quality Trends 
Parameter: Total Suspended Particulates 
Site: Kalispell-Strom 


Months Arithmetic Mean Maximum Reading 
October, 1978 85 110 
November 67 99 
December 43 3 63 
January, 1979 4] 59 
February 58 59 
March 164 343 
April 147 184 
May 93 118 


*Values in micrograms per cubic meter 
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TABLE 4 


Flathead Basin Air Quality Trends* 
Parameter: Total Suspended Particulates 
Site: Ronan 


Months Arithmetic Mean Maximum Reading 
November, 1978 85 170 
December 19 a2 
January, 1979 36 58 
February 49 64 
March 76 123 
April 94 168 
May 130 147 
Junet | 245 311 


*Values in micrograms per cubic meter 
+Only partial month of data 


I 


TABLE 5 


Flathead Basin Air Quality Trends’ 
Parameter: Total Suspended Particulate 
Site: Water Supply-Col. Falls 


January, 1978 23 55 
February 25 47 
March 33 42 
Apri] 1384 21 
May 26 46 
June Zc 33 
July 28 48 
August 29 37 
September 26 30 
October 39 5g 
November 24 53 
December 8 16 
January, 1979 32 48 
February ay 50 
March 21 3f 
April (es 63 
May 28 44 
June+ 26 34 


*Values in micrograms per cubic meter 
+Only partial month 
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Months 


September, 1978 
October 
November 
December 


January, 1979 


TABLE 6 


Flathead Basin Air Quality Trends* 


Site: 


Particles 22.5 
microns 


Mean 
15:0 
T9e) 
16.8 

Tedd 


ra io 


Max. 


Reading 
16.7 
40.4 


Glacier Airport 


Particles,.2.5: to 


5: omicrons 


Mean Max. Reading 


i 


Sal 


Zou) 


*Values in micrograms per cubic meter 


19 


24.6 
44.7 
WA 
i229 


107 


Particles <15 


Mean 
30:7 
42.2 
23...3 
1325 
34.5 


microns 


Max. Reading 


50:8 


TABLE 7 


Flathead Basin Air Quality Trends* 


Site: 


Particles 22:5 


Months microns 

Mean Max. Reading 
September,1978 15.1 16.8 
October 16.1 30.4 
November 14.1 27.3 
December S.7 9.6 
January ,1979 21.8 35.5 


Polson 


Mean 


PaYticlesa2<5 ato 


21.8 


49.9 


19.9 


14.) 


*Values in micrograms per cubic meter 


20 


6.5 


15 microns 


Max. Reading 
29.8 


90.1 
29.3 
20.0 

7.9 


Particles <15 
microns 


Mean Max. Reading 


36.9 46.6 
65.9 99.6 
34.0 53.5 
22.8 21.2 
34.3 41.2 


TABLE 8 
Flathead Basin Air Quality Trends* 


Site: Polebridge 


Particles: 2.2.5 Particles.2.5, to Particles. 2:15 
Months microns 15 microns microns 


Mean Max. Reading Mean Max. Reading Mean Max. Reading 


September,1978 14.1 Zeal 6.3 7 <0 20.4 26:20 
October 13.4 24.1 ape) diez 19:9 36.8 
November We. 7, T5.7 See ies 17.4 23:0 
December 6.9 8.1 2.6 32 oe ld 
January ,1979 6.8 725 ca3 2.4 250 99 


*Values in micrograms per cubic meter 
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Site 


Water Supply-Col. 


Moose Cityt 
Kalispell-Strom 


Ronan 


TABLE 9 


Flathead Basin Air Quality Levels* 
Parameter: Sulfates 
Collection Period: 1978 


Maximum Second High Arithmetic 
Reading Reading Mean 
Falls 2.8 ees 322 
6.1] Aue 3.0 
8.2 620 4.5 
6.5 oe cay 


*Values in micrograms per cubic meter 
+Only partial year sampled 
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TABLE 10 


Flathead Basin Air Quality Levels* 
Parameter: Sulfates 
Collection Period: 1979 


Maximum Second High Arithmetic 
Site Reading Reading Mean 
Glacier Airport 4.5 4.0 C3 
Water Supply-Col. Falls veal 70 5G 
Moose City 4.2 Zi (ages 
Kalispell-Strom 8.5 hao 53 
Polson 5.0 4.6 229 
Ronan 10.8 Q.1 Sod 


*Values in micrograms per cubic meter 
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TABLE 11 


Flathead Basin Air Quality Trends* 
Parameter: Sulfates 
Site: Kalispell-Strom 


Months Arithmetic Mean Maximum Reading 
October, 1978 BB 0 ee) 
November 5.8 8.2 
December 4.6 5.0 
January, 19/79 1.6 8.5 
February 5.3 | 6.4 
March a 53 | 
Apri] 4.6 4.9 
May | Lid 2.0 


*Values in micrograms per cubic meter 


24 


TABLE 12 


Flathead Basin Air Quality Trends . 
Parameter: Sulfates 
Site: Ronan 


Months Arithmetic Mean Maximum Reading 
November, 1978 4.1 6.5 
December ~ 3.4 4.1 
January, 1979 6.9 10.8 
February 4.2 8.1 
March 3.9 Bas 
April aa 3.8 
May 1.9 26 


*Values in micrograms per cubic meter 25 


TABLE 13 


Flathead Basin Air Quality Trends * 
Parameter: Sul fates 
Site: Water Supply-Col. Falls 


Months Arithmetic Mean Maximum Reading - 
January, 1978 4.5 9.6 
February 6.2 12.8 
March oa 6.4 
Apri | (ea 3.4 
May 2.6 | 4.5 
June 223 one, 
July Lal 4.1 
August 3.4 Dae 
September 2.9 4.6 
October 2.8 5, 0 
November 327 91 
December 19 3.5 
January, 1979 | 5,0 71 


*Values in micrograms per cubic meter 
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Site 


Water Supply-Col. 


Moose City+ 
Kalispell-Strom 


Ronan 


TABLE 14 


Flathead Basin Air Quality Levels* 
Parameter: Nitrates 
Collection Period: 1978 


Maximum Second High Arithmetic 
Reading Reading Mean 
Falls 5e6 Si2 0.8 
0.6 0.4 O23 
4.8 S42 1.6 
4.2 2.4 5 


*Values in micrograms per cubic meter 
+ Only partial year sampled 


| 


Site 


Glacier Airport 


Water Supply-Col. 


Moose City 
Kalispel1-Strom 
Polson 


Ronan 


FABLE 15 


Flathead Basin Air Quality Leveis* 


Parameter: 


Collection Period: 


Falls 


Maximum 
Reading 


5.6 
29 
1.6 
6.6 
3.8 


6.6 


Second High 


*Values in micrograms per cubic meter 
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Nitrates 


1979 


Reading 


335 
2:2 
O28 
4. 
2.6 
6.3 


Arithmetic 
Mean 


TABLE 16 


Flathead Basin Air Quality Trends * 
Parameter: Nitrates 
Site: Kalispell-Strom 


Months Arithmetic Mean Maximum Reading 
October, 1978 10 sz 
November 225 4.8 
December 1.6 Bisi2 
January, 1979 3:0 4.] 
February 3.9 6.6 
March 3a 4.0 
April 1.5 Les) 
May is M3 


*Values in micrograms per cubic meter 
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TABLE 17 


Flathead Basin Air Quality Trends * 
Parameter: Nitrates 
Site: Ronan 


Months Arithmetic Mean Maximum Reading 
November, 1978 2 6 A 2 
December 1.8 24 
January, 1979 3.8 6.3 
February 2.5 6.6 
Marcn | 2.2 a4 
Apri | 0.8 1.4 
May 0.9 1.4 

30 


*Values in micrograms per cubic meter 


TABLE 18 


Flathead Basin Air Quality Trends* 
Parameter: Nitrates 
Site: Water Supply-Col. Falls 


Months Arithmetic Mean Maximum Reading 
January, 1978 2:0 56 
February lieal 2.4 
March 6 2.3 
April 0.4 0.6 
May 0.5 1.0 
June 0.3 0.5 
July 025 0-8 
August 0.5 0.6 
September 3 0.6 0.9 
October 0.6 £0 
November T3 SUZ 
December On 1.8 
January, 1979 1.8 2.9 


*Values in micrograms per cubic meter 
3] 


Parameter 


Aluminum 
Arsenic 
Cadmium 
Chromium+ 
Copper 
Tron 

Lead 
Manganese 
Nickel 
Vanadiumt+ 
Zinc 
Nitrate 


Sulfate 


Total Suspended 
Particulates 


TABLE 19 


Flathead Basin Air Quality Levels* 
Water Supply-Columbia Falls 
Collection Period: 


Site: 


Maximum 
Reading 


i 
0: 


12. 


99 


30 
003 


.124 
«105 


2195 


Second High 


1978 


Reading 


QO. 


0 


56 


*Values in micrograms per cubic meter 


+Only one sample taken 


a2 


66 


.002 
004 
, 108 


.080 


Aritmetic 
Mean 


0.31 

0.002 
0.016 
0.105 


0.061 
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PIT) HETECROLOGY 


A. Surface Wind 

Surface wind data were collected at six sites in the Flathead River Basin. 
Data from January 1978 through June 1979 are considered in this report. 

The Brant site, located in a field about 200 yards south of Glacier Park 
International Airport, was operated from March through May 1978. The most 
common wind direction was from the south during all three months, with a 
secondary maximum of wind frequency from the north through north-northeast 
during March and April. The least common wind direction was east-northeast 
through east-southeast during all three months. Average wind speeds were 
light, ranging from 0.5 to 2.5 meters/sec. The strongest winds were generally 
from the north through north-northeast, while lightest winds were generally 
from the east. Calm conditions were uncommon, occurring from 0.9 to 3.7 percent 
of the time. 

In June 1978 the Brant site was moved to the current Airport site, which 
1s located adjacent to the parking lot at Glacier Park International Airport. 
Data have been collected at this site since that time. The most common wind 
direction at this site was south-southeast or south during all months except 
November 1978 and March 1979, when north-northeast was most common, and 
Banadcy 1979, when the prevailing wind was from the north. A secondary maxi- 
mum of wind frequency was noted during all months except September 1978. This 
secondary maximum was from the north through north-northeast during most months, 
except for November 1978 and March 1979, when it was south-southeast, and 


January and May 1979, when it was from the southwest. The least common wind 
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directions during all months were east-northeast through east-southeast. 
Average wind speeds ranged from 0.5 to 6.5 meters/sec and were strongest from 
the south except for the montis November through March, when winds from the 
north-northeast were strongest. The lowest average wind speeds were from the | 
east during all months « Calm conditions were observed only in April (0.8%) 

and June 1979 (0.1%). 

Data collected by the National Weather Service (NWS) at Glacier Park 
International Airport for the months May 1978 through February 1979 have been 
included in this report. Caution should be exercised when comparing these 
data with that from wind sites operated by the Air Quality Bureau because the 
NWS data consist of instantaneous shservavions of wind direction and speed 
taken once every three hours, while the air quality data are hourly means. 

In addition, the wind speed indicator used by the National Weather Service 
records as zero any wind speed less than 1.5 mph. Generally, the distribution 
of wind directions agrees very closely to that recorded at the Air Quality 
Bureau's airport site, but calm conditions were noted much more frequently 

by the National Weather Service. These calm conditions, almost without excep- 
tion, occurred during the nighttime and early morning hours. 

The Teakettle Mountain site is located about two miles north of Columbia 
Falls, and about one mile north of the Anaconda Aluminum Company. Data have 
been recovered there from January 1978 through June 1979. This site is located 
in a small side valley that drains into the Flathead Valley. It shows a 
Significant diurnal mountain valley wind system that is mostnotable in the 
spring and least apparent in the winter. During the nighttime the winds blew 
down the valley from the northwest to the north (41 percent annually) at an 
average annual velocity of 2.1 m/sec. During the daylight hours, generally 


Starting several hours after sunrise, the winds blew up the valley from the 


34 


south-southeast through the southwest (27 percent annually) at an average annual 
velocity of 2.6 m/sec. This event is most dramatic in the spring when the wind 
Speeds are greatest and the directional wind shift most distinct. 

The prevailing wind at this site was from the northwest through north 
during all months except January 1979 (west-southwest) and February 1979 
(south). A secondary maximum of wind frequency was observed from the south- 
southeast through south-southwest during all months except February and April 
1978 and January 1979, when it was from the east, and February 1979 when it 
was from the north. The least common wind direction was east-southeast through 
south-southeast except for August through October 1978, when northeast through 
east-northeast were least common, and January through April plus June 1979, 
when winds from the south-southwest through west-southwest were least common. 
Average wind speeds here were higher than those at other sites in the area, 
ranging from about one to twelve meters/sec, and averaging three to five 
meters/sec. The highest average wind speeds were from the east, and the lowest 
were usually from the southwest through northwest. Calm conditions were 
observed less than 2 percent of the time, except during June 1978 when they 
occurred 5.8 percent of the time. 

The Polebridge site was located at the Polebridge Ranger Station just 
inside Glacier National Park. It was in operation only from September 1978 
through November 1978. This site showed a bimodal wind direction frequency. 
The wind blew from the north-northeast to northeast 33 percent of the time. 
at a light velocity of 0.5 meters/sec. This was probably a nocturnal drainage 
wind down the valley. The other maximum occurred between the south-southwest 
and west-southwest. The wind blew from this direction 32 percent of the time 
at an average speed of 1.5 m/sec. The least common wind direction was from the 
east-southeast through the south-southeast from where the wind blew less than 


one percent of the time. Calm conditions were noted here about two percent of 
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of the time. It was found that the Ranger Station proved to be a poor site 
location, as it was too close to the main channel of the North Fork of the 
Flathead River to give a fair distribution of wind directions. The main 
channel of the river ran on a line southwest from the site, thus accounting 

for the wind direction maximum from the southwest quadrant. There also proved 
to be too many tall trees and buildings in the vicinity of the instrument. 
Strong winds were dampened which resulted in the generally light winds recorded 
at this site. 

The Polebridge site was moved two miles north to Big Prairie in November 
1978. The recorder was in operation here for one month, but had to be shut 
down in December 1978 due to severe winter weather and was not re-started 
until May 1979. The Big Prairie location showed wind patterns that were similar 
to the Ranger Station except that the wind speeds were greater. The primary 
maximum occurred from the north through the northeast direction. The wind blew 
from these directions 55 percent of the time at a velocity of about 1 m/sec. 
This was probably a nocturnal drainage wind down the valley. The secondary 
maximum was from the south to southwest (23 percent) at a velocity of 2.7 m/sec, 
except in May 1979 when the secondary maximum was from the southeast. Another 
Significant wind direction was west-northwest through north-northwest (11 per- 
cent) at a velocity of 2.5 m/sec. The least common wind direction was east- 
southeast to south-southeast (4 percent) at a velocity of about one m/sec. 

Calm conditions were not observed here in November and December 1978, but 
occurred 8.8 percent of the time in May 1979 and 6.2 percent of the time in 
June 1979. 

Tne Geis site was located two miles south of Columbia Falls, a short 

distance to the east of Highway 35. Data used for this report cover the 


period from January 1978 through May 1978. The prevailing wind here was from 
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the north in January and February and from the south in March, April and 

May. A secondary maximum of wind frequency was noted from the south during 
January and February and from the north during March, April and May. Average 
wind speeds varied from about | to 5 meters/sec, with the highest speeds 

from the south, and the lowest from the east. Calm conditions were never 
observed here. 

The Polson site is located about one mile east of the city of Polson close 
to the intersection of Highway 93 and Highway 35. Data collection began 
there in October 1978 and nas continued to the present. The prevailing wind 
at this site was from the south or south-southeast during all months except 
April 1979, when it was from the north. A secondary maximum from the north- 
northwest through north-northeast was observed during all months except April 
1979, when it was from the south. The least common wind direction was east- 
southeast or east-northeast during all months except March, when it was. south- 
west. Average wind speeds were low, ranging from about 0.5 to 4 meters/sec. 

The highest average speeds were from the south, and the lowest were usually from 
the east. Calm conditions eccukred trom: 0 to-5 percent. of the. time. 

Althougn each of these wind sites are separated by considerable distances, 
all of them show similar distributions of wind directions. Basically, two 
maxima occur, one from the north and the other from the south. The primary 
reason for this is that the axis of each of the valleys in which the sites are 
located in runs basicaliy on a north-south Tine. The least common winds were 
from the east through the southeast. Probably the steep mountain barriers that 
form the eastern boundary for each of these valleys influences this. Wind 
directions from the soutnwest Parco the northwest are generally evenly dis- 
tributed. 


Strong northeast winds are indicated at both the Airport site and at Tea- 


(Te) 
~ 


Kettle Mountain site. These winds can sometimes be very strong averaging as 
much as 17 m/sec. This type of wind does not seem to be as significant in 
the Polebridge and Polson areas. 

It would appear that Flathead Lake affects the winds at both the Airport 
location and at Polson. Gusty winds from the south are noticeable during the 
afternoon hours at the airport. They average between 2.5 to 3.0 m/sec but 
sometimes they can be as high as 9.0 meters per second. This phenomenon begins 
in late March and continues through September. The Polson data presented in 
this report covers the autumn and winter months. The Flathead Lake would tend 
to be a warm surface at this time of year and should act as a drain for Sur- 
face winds. This is substantiated somewhat by the dominant wind direction 


from the south as observed here. 


B. Upper Air 

Pilot balloons with temperature sondes attached were launched from the air- 
port site six times per week (Monday, Wednesday and Friday at one-half hour 
after sunrise and at 1400 MST). Monthly summaries of surface and upper level 
winds were prepared and are included in the appendix of this report. The 
data available are from the period June 1978 through June 1979. 

An analysis of the morning wind summaries indicates that morning surface 
winds are generally from the north-northwest through north during the summer 
and autumn months, and from the southeast through south-southeast during the 
winter and spring months. The only exceptions to this pattern occurred in 
January 1979, when prevailing surface winds were from the north, and June 
1979, when the prevailing winds were from the west-northwest. Prevailing wind 
directions at 100 and 200 meters above ground level were generally very similar 


to those observed at the surface. At 200 or 300 meters, the prevailing wind 
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direction shifted to the southeast through south-southwest during most months 
and remained nearly constant up to 2000 meters. 

During the afternoon soundings the prevailing surface wind direction was 
southeast through south during nearly all months. The only exceptions were 
September 1978, when the prevailing winds were from the west-southwest, and 
December 1978, when the prevailing winds were from the northeast. Wind dir- 
ections up to 500 meters above ground level were similar to those observed 
at the surface. Above 500 meters the wind tended to veer with height, usually 
becoming west-southwest through west at 1500 meters and generally west through 
northwest at 2000 meters. Above 1000 meters above ground level, morning and 
afternoon wind directions were very similar. 

Average surface wind speeds during the morning soundings were light, 
ranging from 1.0 meters/sec in June 1978 to 3.4 meters/sec in December 1978, 
and averaging about 2 meters/sec. Wind speeds increased sharply with height, 
becoming two to three times greater at 100 meters than at the surface. Above 
100 meters the wind speed generally increased slowly with height, typically 
becoming 1.5 to 2 times greater at 1500 meters than at 100 meters. A seasonal 
trend in wind speeds was apparent, with greatest winds at all levels occurring 
in the winter months and lightest wind speeds occurring during the summer 
months. 

Average surface wind speeds during the afternoons were generally two to 
three times greater than those in the mornings, averaging from 1.0 to 5.0 
meters/sec. A seasonal trend was apparent here too, with the greatest average 
wind speeds occurring in the autumn and spring months and the lightest winds 
occurring during the summer and winter. Average wind speeds increased with 
height, typically becoming about twice as strong at 500 meters as at the 
surface. Above 500 meters, average morning and afternoon wind speeds were 
very similar. 
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From the temperature sonde traces, monthly summaries of inversion base 
height, thickness, and Holzworth classification were prepared. In the Holz- 
worth scheme, inversions are classified from 1 to 5 according to their strength, 
with 1 being the weakest and 5 the strongest (Table 20). 

An analysis of the morning inversion summaries indicates that the most 
common inversion base height was the surface during all months except January 
1979, when base heights between 1001 and 1500 meters were most common. The 
most common thickness of these surface based inversions was 101-250 meters during 
most months, except for the winter months, when a thickness of 1-100 meters was 
most common. The most common thickness of elevated inversions was from 1-100 
meters during most months, with a few scattered months having thicknesses of 
101-250 meters the most common. The most common Holzworth classification of 
Surface-based inversions was 3 for est months, with the most significant ex- 
ceptions being in October, November and December 1978, when type 4 inversions 
were most common. Elevated inversions were generally weaker than surface 
based ones, with types 2 and 3 being the most common. No seasonal variation 
was apparent in the strengths of elevated inversions. 

The most common inversion base height during the afternoon soundings was 
from 1001-1500 meters or 1501-2000 meters during most months. The most 
Significant exceptions occurred in December 1978 when bases of 1-100 meters 
were most common, and February 1979, when surface-based inversions were most 
common. Surface based inversions did not occur at all except during January 
and February 1979, and only in February were they common. The most frequently 
observed thickness of surface-based inversions was 101-250 meters. The two 
most common thickness of elevated inversions were 1-100 meters and 101-250 
meters during all months, with no obvious seasonal variation in thickness 


apparent. The most common Holzworth classification for surface-based inversions 
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was 1 in both January and February 1979. The most common Holzworth classifi- 
cation for elevated inversions was 3 during the winter months and generally 
1 or 2 during the other months. 

Monthly summaries of mixing height, average wind speed through the mixed 
layer and average lapse rate below the first inversion were prepared and are 
included in the appendix of this report. An examination of the mixing height 
Summaries indicates that the most common morning mixing height was from 0 to 
100 meters during all months except January and February 1979, when it was 25] 
to 500 meters and March 1979, when mixing heights of 101-250 meters were most 
common. The afternoon mixing heights also showed a seasonal pattern, with 
mixing heights greater than 1500 meters being most common during most months, 
except for December 1978 through February 1979, when mixing heights of 101 to 
250 meters were most common and March 1979, when mixing heights of 501 to 
750 meters were most frequent. 

The distribution of mixing heights has important implications for air 
quality since it indicates that dispersion would be seriously inhibited during 
the winter when mixing heights tend to remain low throughout the day. 

The average wind speed through the mixed layer in the mornigns ranged from 
2.2 meters/sec in June 1979 to 6.2 meters in September 1978, and averaged about 
4 meters/sec. Highest values were noted in the autumn and spring, and lowest 
values occurred in the summer. During the afternoon soundings, the average 
wind speed through the mixed layer ranged from 4.2 meters/sec in March 1979 
to 8.0 meters/sec in September 1978, and averaged about 5 meters/sec. No 
obvious seasonal variation was apparent. 

The average lapse rate below the first inversion during the morning 
soundings varied from -0.66 deg C/100 m in August 1978 to -1.62 deg C/100 m 


“in July 1978, and averaged about -1.0 deg C/100 m. During the afternoon 
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soundings, the average lapse rate below the first inversion ranged from -0.41 
deg C/100 m in Feprucry 1979 to -2.59 deg C/100 m in July 1978, and averaged 
about -1.4 deg C/100 m. No seasonal trend was apparent in the morning soundings; 
however, during the afternoon soundings the winter months appeared to have a 
lower average lapse rate than did other months. | 

Average monthly temperature traces showing the average variation in temper- 
ature from the surface to 1800 meters above ground level were prepared from the 
individual pilot balloon runs, and are included in the appendix of this report. 
These were performed to determine graphically a value for the average monthly 
morning and afternoon mixing heights. One problem in determining average 
monthly mixing heights has been the uncertainty of how to handle cases of 
unlimited mixing heights, e.g., cases where the dry adiabat does not intersect 
the temperature trace. The graphical method used was to plot average tempera- 
ture versus height, and then to draw a dry adiabat beginning at the surface 
at a temperature 3 degrees C warmer than the surface temperature for morning 
traces, or 2 degrees C warmer for afternoon runs. The height at which the dry 
adiabat intersects the temperature trace is the mixing height. Values of 
morning and afternoon mixing heights derived in this manner appear in this 
report (Table 21). 

An examination of this table indicates that average morning mixing heights 
were generally less than 100 meters, except for December 1978 and February 
1979, which had average mixing heights of 815 and 315 meters, respectively. 

A seasonal variation in mixing heights is apparent, with higher values occurring 
during the winter and lower values occurring in the late summer and early 
autumn. During the afternoons, average mixing heights were generally greater 
than 100 meters, except for the winter months, when svaroee mixing heights were 


from 200 to 500 meters. Based on these figures, dispersion of pollutants is 
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jlikely to be most inhibited during the winter, when mixing heights tend to 


remain low throughout the day. 


C. Acoustic Radar 

An acoustic radar has been operated at the Kalispeil airport site since 
late 1976. Data from January 1978 through March 1979 are included in this 
report. Two major losses of data, in June and September 1978, occurred due 
to power surges. 

The monostatic acoustic sounder (or acoustic radar) manufactured by 
AeroEnvironment, Inc. consists of a transmit/receive dish antenna approximately 
four feet in diameter and a recerdincydiepl ay unit which produces a permanent 
chart record. Approximately every 22 seconds the antenna emits a 1600 Hz sound 

pulse. The pulse is directed vertically upward and is reflected downward to 
the receiver if stable layers or inversions are present, by small-scale tur- 
bulence and temperature discontinuities associated with inversions. The 
echoes received are recorded electrically on heat-sensitive chart paper. The 
chart produced is interpreted by the operator, who obtains from it a stability 
estimate (stable, unstable, or neutral) of the lowest 100 meters of the atmos- 
phere, and the height, thickness, and type of any inversion(s) present. These 
data are further analyzed by computer, and monthly summaries of first (lowest) 
and second (second lowest if multiple inversions are present) inversions are 
produced. A two-hour stability analysis is also performed, which assigns 

data into one of six stability categories, A through F, where A is the most 
unstable and F is the most stable. These classifications are based on the 
operator's stability estimate plus wind speed, time of day, solar altitude 
angle, and cloud conditions. A more complete discussion of the procedure 
followed can paleroune in a report recently published by the Air Quality Bureau 


(Gelhaus, 1979). 
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An examination: of the monthly first inversion summaries (Table 22) shows 
that during the nighttime hours (000-0600 MST), the ground surface was most 
common inversion base during all months. The most common inversion thickness 
during this time period was from 101 to 300 meters during all months except 
March 1979, when a thickness of 1 to 100 meters was most common. During the 
morning hours (0600-1200 MST), the ground surface was the most common base 
height during most months. The only exceptions were April 1978, when a base 
height of 200 meters was most common, and July and August 1978, when 300 meters 
was the most common base height. The most frequent inversion thickness was 101 
to 300 meters during most months, the only exceptions occurring in February 
.1978 and January 1979, when the most common thickness was 301 to 500 meters, 
and in April, May, July and August 1978, when 1 to 100 meters was the most 
common thickness. A seasonal pattern is apparent here, with inversions tending 
to be thinner during the spring and summer than during other seasons. In 
the afternoons (1200-1800 MST) the most common base height was the surface 
during January through March 1978 and from November 1978 through February 1979. 
During the other months, the most common base height was 200 or 300 meters. 

The most common inversion thickness was from 101 to 300 meters during January 
through March 1978 and November 1978 through February 1979, and 1 to 100 

meters during other months. In the evening hours (1800-2400 MST), the most 
common base height was the surface during all months. The most common inversion 
thickness was 101 to 300 meters during all months except July and August 1978, 
when 1 to 100 meters was most common. 

An examination of the second inversion monthly summaries (Table 23) indi- 
cates that during the nighttime hours, the most common base height was 300 
meters during all months except October 1978 and Feburary 1979, when 400 meters 


was most common. The most common inversion thickness was 1 to 100 meters during 
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all months. During the morning hours, the most common base height was 300 or 
400 meters during all months except December 1978, when 200 meters was most 
common. The most common inversion thickness was 1-100 meters during all 
months. In the afternoons, the most common base height was either 300 or 400 
meters during all months, and the most common thickness was 1 to 100 meters 
during all months. During the evenings, the most common base height was 300 
or 400 meters during nearly all months, and the most common thickness was 
1-100 meters during all months. 

A table of percent frequency of occurrence of periods with inversion(s) 
present (Table 24) is included with this report. This table shows that during 
the nighttime hours an inversion is present from 85 to 100 percent of the time 
during most months. November 1978, with inversions present 66.7 percent of 
the time, was the most significant exception. A seasonal trend was not readily 
apparent, although the months of November through January appear to have fewer 
inversions present than other months. The percentage of occurrence of second 
inversions was much lower, averaging about 10 percent and ranging up to 22.6 
percent in January 1979. No definite seasonal trend was apparent. 

During the morning hours, a first inversion was present from 32.1 percent 
of the time in August 1978 to 100.0 percent of the time in February 1978, with 
an average value of about 80 percent during most months. A seasonal trend is 
apparent, with inversions more common during the wintertime than in other 
seasons. This is at least partly due to the longer nights in winter, but is 
also due to the presence of a semi-permanent inversion in this area during the 
winter. Second inversions were less common, with none at all occurring in 
February, March, April and July 1978. October 1978 had the greatest occurrence 
of second inversions, at 15.8 percent. Second inversions appeared to be more 


common during the autumn and winter months than at other times. 
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During the afternoon hours, a definite seasonal variation in frequency of 
inversion occurrence was apparent, with inversions being present most of the 
time between November and March, but rarely during the summer months. Spring 
and autumn months were intermediate in inversion Frequency. Second inversions 
were very uncommon during this time period, only being noted during February 

and November 1978, and January and February 1979. Even in the months they did 
occur, the frequency of occurrence was less than ten percent. 

In the evening hours inversions were present most or all of the time during 
all months, with no seasonal trends being apparent. Second inversions were 
much less common, and were not observed at all during the spring months, but 
occurred from 10 to 23 percent of the time during the winter months. 

Tables of percent frequency of occurrence of stability classifications for 
the four six-hour periods as well as for the 24-hour period were prepared and 
are included with this report (Tables 25-29). Considering the period 0000- 
2400 MST, these tables indicate that category D,neutral, was the most common 
during all months except January through April 1978, when category E, slightly 
Stable, was most common and October 1978, when category F, moderately stable, 
was most common. Category A, very unstable, was the most uncommon category, 
occurring less than one percent of the time in May and July 1978, and not at 
all during other months. A seasonal pattern was evident in the distribution, 
with the more unstable categories occurring more frequently in the spring, 
Summer, and autumn months, while during the winter months the more stable 
categories were more commonly observed. 

During the nighttime hours (9000-0600 MST), the most common category was 
category E during January through May 1978, category F during July, August 
and October, and category D from November 1978 through March 1979. A seasonal 


pattern was evident, with the summer and autumn months experiencing the most 
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stable conditions during this time period. No unstable category was ever 
observed during this time period. 

In the mornings (0600-1200 MST), category D was most common during all 
months, except July 1978, when category C, slightly unstable, was most common, 
and August 1978, when categories C and D were equally common. A seasonal 
variation was again apparent, with the stable categories much more common in 
the winter than at other times of the year. 

During the afternoons (1200-1800 MST), category D was most common except 
for March, April, July, August, and October 1978, when category C was most 
common. This time period, as would be expected, had a greater frequency of 
unstable conditions than any other. During the winter however, stable cate- 
goires were quite common, due to the semi-permanent inversion present over this 
area during that season. Although unstable categories, taken as a whole, were 
most common during the summer it is interesting to note that category B, 
moderately unstable, occurred most often in March and November 1978. 

The evening (1800-2400 MST) frequency distribution resembled closely the 
nighttime pattern, with category E being most common during all months except 
May and August 1978, and February through March 1979, when category D was most 
common and October 1978, when category F was most common. The winter months 
showed the greatest incidence of stable categories, although the most stable 
category, F, occurred most frequently during the summer. Unstable categories 
were seldom noted, with category C occurring less than 4 percent of the time 
in April, May, July, and December 1978, and not at all during other months. 
Categories A and B were never observed. 

The acoustic radar data indicate that the Kalispell area is subject to 
Stable conditions nearly every night of the year, and that stability is likely 


to be greatest during summertime nights. During all months except November 
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through March, the nighttime inversion generally disappears within two to 
three hours after sunrise, during which times fumigation episodes could occur. 
Except for fumigation episodes, the highest concentrations of pollutants are 
likely to occur during November through March, when the presence of a semi- 


permanent inversion will hinder dispersion. 


48 


TABLE 20 


Holzworth Lapse Rate Categories (Modified) 


Values in deg C/100m 


Non-Inversion Class Lapse Rate 


Mm PwWhM — 


Inversion 


Class 


ONPwWNnN 


C160) 
Sl sek WOr= 1 eaQ 
-0.81 to -1£20 
-0.41 to -0.80 
0-00" to: -0. 40 


lapse Rate 


03 O0t0' 40247 

£0248 “toc Fle 14 

thio torch2 82 

+2, 83): 46,00 
> +6.00 


Description 


Very Superadiabatic 
Superadiabatic 

Near Dry Adiabatic 

Near Standard Atmosphere 
Weak Lapse 


Description 


Weak Inversion 
Moderate Inversion 
Strong Inversion 

Very Strong Inversion 
Extreme Inversion 


(Holzworth, 1974) 
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TABLE 21 


Average Morning and Afternoon Mixing Heights (meters), From Average Monthly 


Month Morning 
1978 Jul 135 
Aug #5 
Sep 100 
Oct 50 
Nov ¥35 
Dec SES 
1979 Jan 795 
Feb 315 
Mar 95 
Apr 150 
May 90 
Jun 85 


Temperature Traces-Airport Site 


Kalispell, Montana 
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Afternoon 
1300 
> 1800 
> 1800 
1420 
>1200 
515 
195 
200 
980 
> 900 
1500 


> 1500 


TABLE (22 
Kalispell Airport Site 


Most Common First Inversion BAse Height and Thickness 
by Time and Month, From Acoustic Radar 


5] 


Month 0001-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 
Base v Thickness 7 Base, Inickness . Base’. .hickness Base... Thickness 
1978 Jan STC 101-300 Sic 101-300 STC 101-300 STFC 101-300 
Feb sfc 101-300 sfc 301-500 STC 101-300 sfc 101-300 
Mar Silie 010-300 SiC 101=300 STC 101-300 sfc 101-300 
Apr sfc 101-300 200 1-100 200 1-100 SfC 101-300 
May SFC 101-300 Sfc 1-100 300 
Jun 
Jul STC 101-300 300 1-100 300 1-100 sfc 1-100 
Aug sfc 101-300 300 1-100 ~ - Sic 1-100 
Sep 
Oct Sine 101-300 Sic 101-300 300 1-100 SC 101-300 
Nov Sic 101-300 sfc 101-300 Sfc 101-300 STC 101-300 
Dec sfc 101-300 Sfc 101-300 STC 101-300 Sfc 101-300 
1979 Jan Sic 101-300 Stic 301-500 Sic 101-300 Sfc 101-300 
Feb sfc 101-300 Sfc 101-300 Ste 101-300 SC 101-300 
Mar sfc 1-100 SEC 101-300 300 1-100 sfc 101-300 


TABLE 23 
Kalispell Airport Site 


Most Common Second Inversion Base Height and Thickness 
by Time and Month, From Acoustic Radar 


Month 0001-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 
Base “Thickness” Base - fhickmess  ~Base Thickness | Base Thicknes 


1978 Jan 300 1-100 400 1-100 - - 300 1-100 


Feb 300 1-100 : % 400 1-100 400 1-100. 
Mar 300 1-100 : E : : 300 1-100 
Apr 300 1-100 : : d A : _ § 
May 300 12100" 460 1-100 é : : : 
Jun 
Jul 300 1-100 ae ; : : : 
Aug 300 1-100. 300 1-100 : : 200 1-100. 
Sep | 
Oct 400 1-100 400 1-100 : : 400 1-100 
Nov 300 1-100. 300 1-100 300 i-160 40 1-100 
Dec 300 V100-. -200- ~~ = 1-100 z : 300 1-100 
1979 Jan 300 (2100. 300 1-100 400 1-100 400 1-100 
Feb 400 1-100 300 1-100 400 1-100 300 1-100 | 
Mar 300 1-100 300 1-100 : : : ve 


TABLE 24 


Kalispell Airport Site 


Percent Frequency of Occurrence of Periods with Inversion(s) Present 
from Acoustic Radar 


0901-0600 MST 0601-1200 MST 1201-1800 MST 1801-2400 MST 
Eaarsit Second Pinst Second Rinse Second First Second 
Month Inversion Inversion Inversion Inversion Inversion Inversion Inversion Inversion 
1978 Jan 92.6 7.4 8652 327 1520 0.0 92.9 Lg 
Feb 96.4 3.6 100.0 0:0 46.4 3:6 85.7 14.3 
Mar 100.0 6.5 9073 x0 2548 0.0 93.5 6<5 
Apr 100.0 10.0 80.0 0.0 14.3 0.0 100.0 0.0 
May 94.7 10.5 68.4 5.3 10.0 0.0 80.0 0.0 
Jun 
Jul 95.8 12.5 79.2 0.0 a7 0.0 100.0 0.0 
Aug 96.4 10.7 32.1 3.6 0.0 0.0 Ohis5 7.4 
Sep 
Oct 94.7 L025 1859 1538 25:0 0.0 100.0 20.0 
Nov 66.7 1353 60.0 10.0 66.7 627 86.7 16.7 
Dec S71 Oy. 80.6 625 582] 0.0 93.5 Oo 
1979 Jan 8329 226 83:9 16.1 77.4 OF S7.. | 22.6 
Feb O73 ey 92:3 15.4 16.9 Tied O253 15.4 


Mar 100.0 1229 62:5 1239 88.9 0.0 66.7 0.0 


[RX) 


TABLE 25 
Kalispell Airport Site 


Percent Frequency of Occurrence of Stability Classifications 
0000-2400 MST 


Category 
Month A B C D E F U M 


1978 Jan 0.0 O..0- hg 34.1 48.1 4.6 ORO! els 
Feb 0.0 Thats ee 28.9 57.4 Dial 0.0 0.0 
Mar 0.0 4.0 14.5 22.8 ee eile (sey 4 0.0 0.0 


Jul 0.3 ae Ee A 23.7 Wed. t.8 0.8. 21,2 


Aug 0.0 1st 32.8 14.52) 17.7 0.6" 14.20 


Nov 0.0. O23 5.3). 25208 20) Bere 0 ie 0 
Dec O20 = des OP ee 285. JOS. 30.0 020 
1979 Jan Q:0° ~°023)>.020 4-368. 28.2 16g 0.0 4.6 
Bah «000. “OOO 532.8) oO) Be, OO mee 


Mar 0.0 ORS Ne od 20.4 348 0.3 0.0. 73.4 


very unstable 
moderately unstable 
Slightly unstable 
neutral . 
Slightly stable 
moderately stable 
unknown 

missing 


=. ht ir SS S&S os> 
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TABLE 26 
Kalispell Airport Site 


Percent Frequency of Occurrence of Stability Classifications 
0000-0600 MST 


Category 
Month A B C D E F U M 


1978 Jan 0.0 O204 5.050 S041 49.5 T5 O20" 2.12.9 
Feb 0.0 O20: = 2050 1555 77.4 Al 020-00 
Mar 0.0 0202.00 Ws 6526". 222-16 0202-00 
Apr 0.0 OOO: = 7020 1526 3526.2 15.6 O20) “33.3 
May 0.0 02026020 Ree 30.7." 1450 O20" 38.07 


nee 080 0:0) 50.8, 32.8 14.01 0.0. 00 
eon 00 OO. 00 749.5. 20.0 18.3. 0:0, 9.2 
Pee O00 00 265.7. fit 23.6 2020 °59.6 


very unstable 
moderately unstable 
Slightly unstable 
neutra | 
Slightly stable 
moderately stable 
unknown 

missing 


2S Gssrl int SiG) eo se 
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TABLE 27 


Kalispell Airport Site 
Percent Frequency of Occurrence of Stability Classifications 
0600-1200 MST 


Category 
Month A B C D E F U M 


1978 Jan O20 OO Tals Ud e9s e048) ee 0 tee 
Feb Op Te Pe ere se eo ee A ea Oo 
May 0,0 "Ace 204 Baw a8 8 2 Oe oe 
ge 00,0 7020. 20 2607 ec ene, panes oo eee 
May 22 70,0) 75s 808 Be6 i 2 Bag 
Sue ee 20.0 0e8 0.0 O20: 050. 020° 100.0 
ani ll 8 BRE 28.0 222. MOONOe Vay Bae 
Aug 0.0. 4,240.9 - -80,9 LY ae RE dea oe: 


1979 Jan 0:0 @:@ — 050 29. | 28.0. W138". 0.0 Tel 
Feb 0.6 0:0 . C30 3303 10.7 2.4, 0.0. ods 


Mar 0.0 0:0 2,2 21.5 2.2 0:0. 0.0. 74.2 


very unstable 
moderately unstable 
Slightly unstable 
neutra| | 
Slightly stable 
moderately stable 
unknown 

missing 


2 GS) PIGS 0) > 
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TABLE 28 


Kalispell Airport Site 
Percent Frequency of Occurrence of Stability Classifications 
1200-1800 MST 


Category 
Month A B C D E F U M 


1978 Jan 0-04 70.0 5.4 AY .9 39.8 322 'e €0"0 9.7 
Feb « 0.0% 23.6% 620.2 42.9 33.3 020.2020 0.0 
Mar O20 Ae 20726 33.3 21.5 GC0a 10.0 0.0 


May OO 43 a2 1,5 34.4 Als O60 th Sal 636.6 


1979 Jan O20 a 0.0 59.1 1984 O12. 9-.40.0 7.5 


very unstable 
mederately unstable 
Slightly unstable 
neutral 
Slightly stable 
moderately stable 
unknown 

missing 


SS  Slehn Ge>). a 
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TABLE 29 


Kalispell Airport Site 
Percent Frequency of Occurrence of Stability Classifications 
1800-2400 MST 


Category 
Month A B C D E E U M 


1978 Jan O20 22050) O50 237 63.4 Se 5 “O20 9.7 
Feb O.0. 0.05"0..0 29.8 OF. | TSE 00 0.0 


Mar O00. O00 hes: 6:3 °:- 26.9" O10 0) 


Jun OO SOOO O50 0.0 0.0 0.0° ~ 0.0 100.0 
Jul 0.0". O.02.5322 21.5 ZO (2O5g =e A ee EG a 
Aug 0.0. 0. OO. 0 34.4 Edel COO 4 TY hae 


1972: . Jan 0.0. O20" O20 35)55 3056 2°20 5)" > O20 635 


very unstable 
moderately unstable 
Slightly unstable 
neutral 
Slightly stable 
moderately stable 
unknown 

missing 


2a Gel EF Ge So 
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Ws VISIBEATY. 


Visibility related measurements were taken in the Flathead Basin using 
a variety of measurement techniques. During the first year of the study 
(June 1978 - June 1979) three methods of visibility assessment were used. 
These were a five channel sun photometer (440 nm*, 500 nm, 640 nm, 880 nm 
and 940 nm), a diffuse radiation system (300 to 2800 nm and 300 to 700 nm 
pyranometers and pyrheliometers), and an integrating nephelometer. Measure- 
ments of meteorological and air quality variables also were made during the 
same time period. 

Electromagnetic radiation from the sun has approximately the spectral 
content of a black body with temperature near 5900 K. Superimposed thereon 
are atomic and molecular emissions and absorption. The majority (98%) of 
the solar spectral irradiance lies between 294 and 4000 nm. The most impor- 
tant spectral region is from 300 to 4000 nm for solar-thermal conversion systems 
and from 400 to 1100 nm for photovoltaic conversion. 

The spectral energy density of the sun's radiation is nearly constant 
and is assumed as constant for this study. The principal effects at ground 
level are due to the rotation of the earth, the properties of the atmosphere, 
and to a much less extent, the earth-sun distance. 

Scattering by-air molecules (Rayleigh scattering) has a sizeable effect 
on the intensity of the direct solar irradiation at the shorter visible and 
ultraviolet wave lengths. The scattering coefficient is approximately 
proportional to the inverse fourth power of the wavelength. In the ultra- 
violet and the longer visible and infrared wavelengths, absorption by 


* nm = nanometer = 1079 meters 
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atmospheric gases is important. 

Of the gases occurring naturally, the greatest effect on solar radiation 
is due to water vapor and ozone, Carbon dioxide, methane, nitrogen dioxide, 
and oxygen also play a role, but a relatively minor one in the normal 
atmosphere. However, man-made gaseous pollution and volcanic gases may result 
in significant absorption locally. 

Let I, be the irradiance at wavelength X at some observing point and 
ie the irradiance at wavelength X at some nearby observing point further 
from the sun; AX and OG will represent the separation between these two points 
and the extinction per unit length, respectively. If the distance between 
the two points becomes infinitesimal, then the relation is written: 

- dif, = Ino dx 
The incremental extinction odx may be rewritten dM, in terms of relative 
optical air mass My and the extinction per unit optical air mass Om. The 
relative optical air mass M, is the amount of optical atmosphere between the 
Sun and the observing point divided by the amount cf optical atmosphere 
vertically above the observing point. 

Extinction of sunlight is primarily due to ozone and water vapor 
absorption, and aerosol and molecular scattering. Expressed mathematically, 

© i SByte digs why 
where By , by and ky are the aerosol scattering or turbidity coefficients 
as a function of wavelength per unit optical air mass, Rayleigh scattering 
of air molecules per unit optical air mass, and absorption by the ozone layer 
or water vapor per unit optical air mass, respectively. Incorporating this 


relation: 
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Integrating this relation from the earth's surface to the top of the atmosphere 
we obtain; 

les (1, /S)e (Bay thy tks ) M,. Maim(1977). 
where Ip, 7s the extraterrestrial irradiance of wavelength » at the mean 
sun-earth distance. Because most of the ozone of the atmosphere is above 
the observing point, regardless of its elevation above sea level, no height 
or pressure correction is necessary for ky specifically for ozone. Back- 
ground atmospheric aerosol concentrations depend on akitude. However, often 
local aerosol contributions (aerosol due to wind blown dust, pollutants from 
stationary and mobile sources, etc.) tend to dominate the turbidity coeffi- 
cient and By is consequently usually assumed to be altitude independent. 
The attenuation due to Rayleigh scattering could have been corrected for 
altitude by naaeapying by the ratio of p/p o where p is the station pressure 
and pg is the standard pressure at sea level. However, the correction used 
here was to take values from Elterman (1968) for the elevation of the Glacier 
International Airport site (904 meters above sea level) and the William 
Campbell residence (915 meters above sea level).* 

Many previous studies of solar radiation scattering have used either the 
base e or the base 10 equation from Malm. The equation can be changed from 
the natural logarithm to the base 10 logarithm. The basic equation then 
becomes: 

lie (Ig) /S) 10 exp (By: tHe, tba) cM, 
Solving this equation for the turbidity coefficient gives: 

B=) (Hog GU ILS S))/My - bhy ~k» 
where byy is the scattering due to air molecules at height h. The resulting 
* Note the sun photometer was operated at the William Campbell residence 


about seven miles from the airport site. 
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base 10 absorption and extinction coefficients per optical air mass are 
0.434 times the base e absorption and extinction coefficients. (Malm, 1977), 
However, all results presented in this report are in base e and at station 
pressure, not sea level pressure. 

The sunphotometer does not measure the actual irradiance but rather it 
provides a meter deflection Jy in microamperes which is directly proportional 
toby <.. Similarly; Jon » which is the instrument calibration factor, is 
the meter reading when the irradiance is I6, «the -diopter scare on =the 
Sunphotometer provides values of the relative optical air mass, Mp. 

However, the relative optical air mass was calculated in this case by 


the following set of equations: 


m="sec 65 for zenith angres.“0 te 60® 

m= "Se0"O5 = -3.93°x 10-* gee 049-83" p/py 
for’sec Gg > "1.4 

= -seeGn°= -8 61 ® 107" see 8o 2.69 P/Do 


for. Vso see “Ga S20 
where p= site pressure and pp ='sea Tevel pressure; and 85 =‘solar zenith 
angle (Hullstrom, 1977). The solar zenith angle may be calculated Ky the 
equation: 
cos @ = sing sin& + cosqcos§ cost 
where: @ = latitude of site 


é 


t 


I 


solar declination for that day 


I 


solar hour angle (angle between apparent noon 
and time of observation) 

Solar hour angle = (true solar noon (MST) - 

12:00 MST + longitude correction- 


equation of time for date) x 15°/hour 
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longitude correction = (site longitude - standard meridian (105 deg Ww) 
of mountain time zone) x 4 min/deg. longitude. 

The value obtained should be positive if the site is west of the meridian 
and negative if east. The longitude of the airport site is 114° 16° W. The 
equation of time and the solar declination were obtained from standard 
astronomical tables (American Ephemeris and Nautical Almanac, 1978), 

Using the same theory regarding turbidity and the sun photometer, 
measurements were made for the 300 to 2800 nm broadband and for 300 to 700 nm 
wavelengths. 

The normal incident direct solar irradiance was measured continuously 
with two Eppley pyrheliometers. One unit was unfiltered and monitored the 
300 to 2800 nm wavelength while the other unit had a RG - 8 filter which 
allowed only the 300 to 700 nm wavelength to be measured. This then allowed 
the indirect measurement of the 700 to 2800 nm wavelength which contains 
the region most affected by water vapor absorption. Similarly two Eppley 
pyranometers were used to measure the same two wavelength bands as the 
pyrheliometers only this time measuring the total solar irradiance. From 
comparisons of the two measurement methods an indirect measure was made of 
the amount of diffuse or scattered solar radiation on a continuous basis. 

As with the turbidity measurements, all results for the diffuse radiation 
are given in base e, at station pressure and using the Volz (1959) method. 

The integrating nephelometer used in the study was a Meteorology 
Research Incorporated Model 1550, The theory of measurements of the nephe- 
lometer is similar to that of the diffuse radiation and sun photometer 
except that an artificail light source is used and the transmittance over 
the 500 nm wavelength is measured. The instrument used in this study also 


included an intake air heater to reduce the relative humidity below 70 
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percent. This reduces the amount of scattering due to moisture condensed on 
particles drawn into the instrument, 
A, Turbidity 

Tables 30 and 31 summarize the daily trends in atmospheric turbidity 
for the northern Flathead Basin. Table 32 gives a comparison of the Flathead 
turbidity data with that from other sites in Montana. The measurements were 
made through the use of a five channel sun photometer. Of the five channels 
Shown, the 880 nm and 940 nm are most important for determining the contri- 
bution of water vapor absorption to the turbidity. The 940 nm channel is 
centered in the wavelength band where the greatest amount of water vapor 
absorption occurs. The 880 nm wavelength is centered in the "window" where 
water vapor has little effect on the turbidity. The 440, 500, and 640 nm 
wavelengths are the areas of the greatest effect of particles on scattering 
of sunlight. Some water vapor absorption also does occur in the smaller wave- 
lengths also. Sunlight at different wavelengths is scattered greatest when 
the wavelength of the light is nearest the diameter of the particle (i.e. 
500 nm light is best scattered by a 500 nm radius particle). Therefore some 
inference can be made about the size of the particles that are having the 
greatest effect on the turbidity (Note as the value of the turbidity 
increases, the greater the amount of scattering or absorption of the sunlight). 

Now if one first looks at the 440 nm wavelength, two basic trends are 
evident. These trends are: (1) The turbidity is at minimum at 0900 MST, 
increases to a maximum at 1200 MST, and then decreases slightly at 1500 MST; 
and (2) The turbidity increases from a minimum in winter to a maximum in 
late spring. 

The diurnal trend of turbidity is probably due yeimieiiy to: (1) thermal 


mixing at the earth's surface which carries dust particles into the air, 
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(2) the increased activities of people in the area causing more pollution 
to be emitted; and (3) and increase in the amount of water vapor in the air 
at mid-day due to evaporation and transpiration. 

The 500 nm channel shows a similar trend to that of the 440 nm channel. 
Highest turbidities occur during the 1200 MST time and also during the late 
spring (April and May). The lowest turbidities occur at 0900 MST and also 
during the winter (December and January). 

The 640 nm channel does not show the same seasonal trend as the 440 and 
500 nm channels. However, a similar diurnal trend is evident. The monthly 
or seasonal trend for the 640 nm wavelength shows lowest values during the 
summer (especially August). The highest turbidities occurred several times 
during the year, in November and December and again in April. 

The 880 nm wavelength turbidities again show a similar diurnal pattern 
to that of the 400 nm wavelength. The seasonal trend is toward higher values 
in April and May and lower values several times during the year (especially 
in August, October, December, and January). 

The 940 nm wavelength, the wavelength most affected by water vapor 
absorption, does not show any diurnal trend. The seasonal trend simply 
shows highest turbidities from April through September and lowest turbidities 
in January. This would tend to indicate a greater amount of water vapor 
present in the spring and summer and lesser amount present in the winter. 

B. Diffuse Radiation 

Tables 33 through 36 summarize the nine months of diffuse radiation 
measurements made using the two bands of wavelengths. The diffuse solar 
radiation measurements are made using two sets of pyronometers and pyreheli- 
ometers. One set measures the solar irradiance over the wavelength band of 


300 to 2800 nm while the second set measures the wavelength band of 300 to 
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700 nm. The pyranometer measures the total solar radiation coming in at 

all directions over a hemisphere, These measurements include both the direct 
solar beam radiation and the scattered or diffuse solar radiation, The 
pyrheliometer measures only the direct beam solar radiation. Therefore, 
using the combination of the two instruments the amount of diffuse radiation 
can be calculated. Also using the two wavelength bands a measurement of the 
diffuse radiation due primarily to particles in the air versus that due to 
water vapor can be determined as the 700 to 2800 nm wavelength band contains 
most of the interval in which water vapor affects the solar radiation. 

Looking first at the 300 to 2800 nm wavelength band, a variety of 
Statistics are displayed in Table 33. The two measurements of primary 
concern here are the diffuse sky irradiance and the extinction coefficient 
(related to turbidity except that no effect of Rayleigh scattering and ozone 
absorption have been subtracted out). The diffuse radiation values for the 
period shown show a similar trend to that of the 440 nm wavelength sunphoto- 
meter measurements. The diffuse measurements display a trend toward lowest 
values in the late autumn and early winter and highest values values in mid- 
spring (April). Additional measurements for the remainder of the year will 
have to be examined to see if the pattern continues. The extinction coeffi- 
cient shows a similar trend as the diffuse measurements. The highest extinction 
average occurred during April with the lowest occurring in January, 

Table 34 shows the same variables for the 300 to 700 nm wavelength 
band. Looking again at the diffuse radiation values, the values are much 
smaller than the 300 to 2800 nm wavelength values. The portion of the diffuse 
radiation for the broadband (300 to 2800 nm) occurring in the 300 to 700 nm 
wavelength is approximately 50 percent. The seasonal trend of the 300 to 


700 nm shows a pattern similar to the pattern of the broadband with lowest 
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values in the late autumn and early winter and highest values in the late 
spring. The extinction coefficient again shows a similar pattern as the 
diffuse radiation. However, the lowest period of coefficients has shifted 
to January rather than November or December. 

The 700 to 2800 nm wavelength statistics (Table 35) again shows the same 
pattern as the previous wavelengths. The only notable point is that the 
700 to 2800 nm wavelength accounts for approxtmately 50 percent of the 
total diffuse radiation of the 300 to 2800 nm band. 

Figures 1 through 9 display the diurnal pattern of the three wavelength 
bands for the extinction coefficient for the nine month period samples. 

The pattern shows an increase of coefficients from morning to mid-afternoon 
followed by a slight decrease. The pattern is similar throughout the nine 
month period with the only exception being the time of the maximum extinction 
coefficient. In August, the maximum value occurs between 1300 and 1500 MST. 
The time of maximum value shift to 1100 to 1200 MST by November and back to 
1300 MST by February, upon which the time of maximum again decreases to 1000 
MST by April. 

The greatest significance of the diffuse radiation measurements is pro- 
bably in the fact that a baseline of present visibility related conditions has 
been established. As additional measurements are made and pollution levels 
increase or decrease the change in diffuse radiation can be tracked and an 
actual number of precise measure of the related visibility change can be 
determined. 

C. Scattering Coefficient 

The Jast measure of visibility related parameters made during the first 
year of the study was done with the integrating nephelometer. The nephelometer 
measures a scattering coefficient over approximately a one meter interval 


using an artificial light source. Table 36 summarizes the scattering 
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coefficients for a ten month period. The monthly arithemetic mean and the 
maximum reading for the month are given in the table. The seasonal trend 
show highest scattering or visibility reduction occurring during January. 
The lowest scattering occurred during September and June, This is the 
reverse of the results of the diffuse radiation and turbid?ty measurements. 
The difference may in part be due to the fact that the nephelometer is 
measuring the scattering coefficient at a point or within a small area of 
the sampler whereas the diffuse radiation and the turbidity measurements 
are related to scattering between the instrument and the edge of the 


atmosphere. Each instrument then has its own use and limitations. 
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Table 30 


Flathead Basin Atmospheric Turbidity Data (Volz Base e) 
Daily Trends 


Average 440 nm 


August, 1978 - June, 1979 


Average 500 nm 


Month 0900 1200 1500 (MST) 0900 1200 
Augusts<1976 0.15 0.22 Oe2 1 0.07 (ea 
September 0.18 0.19 0.26 0213 0.09 
October 0.14 0.25 Once 0.08 0.16 
November - 0.20 0.23 - 0.17 
December 0-09 0.20 O15 0.07 Sle, 
January, 1979: 0.12 0.18 O.19 0.08 OF 12 
February 0.45% 0.18 0.23 0.40* 0 
March 0.16 0.23 0.24 0:10 0.14 
April 0.29 0.35 0232 0.20 0.24 
Vay 0.23 0.28 0.24 0.14 0.17 
June 0.2/ 0228 0.26 0.16 0.15 


* 


Only one measurement taken for monthly averaqe. 


Average 640 nm 


1590 (MST) 0900 1200 1500 (MST) 
OT 0.05 0.06 0.07 
OLS 0.09 0.05 0.11 
0.13 0.06 Cede, 0.09 
0.16 - Oo OnAZ 
0.09 0.07 O23 0.08 
0.14 0207, 0.09 O21 
OT On3oF 0.09 0.14 
OAS 0.08 0.10 01,0 
0-419 0.14 0.18 Ol 
O13 0.09 0.10 0.08 
O.13 Oma 0.08 0.08 
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TABLE 31 


Flathead Basin Atmospheric Turbidity Data (Volz Base e) 
Daily Trends 


August 1978 - June 1979 


Average 880 nm Average 940nm 
Month 0900 1260 1500 (MST) 0900 1200 1500 (MST ) 
August 1978 0.05 0.07 0.07 0.35 0.37 0.37 
September 0.09 0.05 0.09 0.32 0.34 0.45 
October 0.04 0.09 0.07 O22 0.28 0.30 
November -- 0.11 0.08 -- 0.2] 0.22 
December 0.05... 0.09 0.04 0.08 0.14 0.08 
January 1979 0.04 0.06 0.06 0.06 0.08 0.11 
February Q, 35% 0.06 0.08 0.46* 0.13 0.15 
March 0.06 0.09 0.08 0.75 0.16 0.18 
April 0.12 0.18 0.08 O..d2 0.32 0.20 
May 0.08 0.12 0.09 0.29 0.32 0.28 
June 0.10 0.99 0.08 0.38 0.35 0.40 


*Only one measurement taken for monthly average 
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MONTH 
August, 1978 
September 
October 
November 
December 
January, 1979 
February 
March 

Apri | 

May 


June 


COLUMBIA FALLS 


MONTANA ATMOSPHERIC TURBIDITY DATA (Volz Base e) 


TABLE 32 


AVERAGE 500 nm WAVELENGTH (1200 MST) 


0x22 


O22 


ANACONDA 


BILLINGS 


0515 
0.13 
0.10 
O12 
0.28 
0-26 
0.29 
0.35 
0.48 
0.41 


BUTTE 


O13 


HELENA 


MISSOULA 


On17 


0219 


SCOBEY 


0.08 
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Flathead Basin Area Summary of Average Hourly Solar Radiation (1978-1979) 


Wavelength: 300 to 2800nm 


Aug Sep Oct Nov Dec Jan Feb Mar Apr May June July 


Incident Solar Radiation 0.45. 0.36 O.37 O16. 30.18. 0.22. C.225. 0,4). 0233 
Normal Incident Direct 

Solar Radiation 0:43" 0724 "0751 <Oe17- 0.12 “O18 “0205 0538 “0720 
Diffuse Sky Irradiance Onto  O.22- O14 0 .127--0..12. 0215 0.19. O19), Oe 22 
Ratio of Diffuse to Total O.52 O74 0.47 0.74. 0.84 0.67 0.75. 0259 9 G27) 


Fractional Transmittance 
of Direct Solar Beam Q.30 O.22: 0.35 “0.28. 0,19. 0:32 Of han “O)..40 = G79 


Fractional Transmittance 
of Total Solar Radiation 
Possible O54 0.52 0.59 -0:.60 0.68" 0278 0.63 0277): 0.50 


Fraction. Diffuse is: of Total 
Possible Solar Radiation 6.25: 0:30 0224 0.31 0.49 .0.46 -0.47 0231 O31 


Extinction Coefficient (Base e) Oa) 7.04. 0.50 G.47 0.50 @.42 0.92 0.25/ 1225 
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Flathead Basin Area 


Incident Solar Radiation 


Normal Incident Direct 
Solar Radiation 


Diffuse Sky Irradiance 
Ratio of Diffuse to Total 


Fractional Transmittance 
of Direct Solar Beam 


Fractional Transmittance 
of Total Solar Radiation 
Possible 


Fraction Diffuse is of Total 
Possible Solar Radiation 


Extinction Coefficient (Base e) 


TABLE 34 


Summary of Average Hourly Solar Radiation 


Wavelength: 
Aug Sep Oct 
0.26>.02.20° 20.20 
ON 266 0515 2 0.30 
0.10: 0711 0.08 
0,47-0;570.0.49 
Oo 205 hs2— 0, 19 
Dedh30.29 2.05 35 
O12 -0..16.- 015 
O99 Tec 073 


Nov 
0:16 


ee 


0.06 
0.73 


0.33 


O17 


0.68 


300 to 700nm 


Dec 
0.09 


0.09 


0.06 
0.81 


0.41 


O57. 
0.61 


Jan 


O13 


0.17 
0.07 
0.61 


0.23 


0.44 


0:21 
0.47 


Feb 
O42 


0.05 
0.10 
0.82 


0.09 


0.38 


0.29 
1.24 


(1978-1979) 


Mar 
O22 


0.21 
O11 
0.63 


0-20 


0.38 


0.18 
0.98 


Apr 
0322 


0.14 
OeiS 
0.7] 


0.14 


May 


June July 
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Flathead Basin Area 


Incident Solar Radiation 


Normal Incident Direct 
Solar Radiation 


Diffuse Sky Irradiance 
Ratio of Diffuse to Total 


Fractional Transmittance 
of Direct Solar Beam 


Fractional Transmittance 
of Total Solar Radiation 
Possible 


Fraction Diffuse is of Total 
Possible Solar Radiation 


Extinction Coefficient (Base e) 


Summary of Average Hourly Solar Radiation (1978-1979) 


Wavelength: 700 to 2800nm 


Aug 
0.19 


0.16 
0.09 


0.59 


0.16 


Sep 
O. 17 


0.10 
0,11 
0.74 


0.10 


0.25 


O15 
1.46 


Oct 
O17 


0,22 
0.06 
0.47 


0.16 


0.27 


0.71 
0.83 


Nov 
0.08 


0.07 
0.06 
0. 7 


0.12 


0.26 


0.14 
0.77 


Dec 
0.08 


0.04 
0.06 
0.83 


0.08 


0.30 


0.22 
0.69 


Jan 
O°. 10 


0.06 
0.07 
O71 


Oo 


0.34 


0.24 
0.70 


Feb 
0.11 


0.02 
0.10 
0.75 


0.06 


0.29 


0.23 
L240 


Mar 
0.19 


0.14 
0.09 
0.62 


0.16 


0.33 


0.17 
102 


Apr 
0.15 


0.09 
0510 
0.71 


0.09 


0.22 


0.14 
1.72 


May 


June 


July 


TABLE 36 


Flathead Basin Scattering Coefficient 
September 1978 - June 1979 
Values in scattering coefficient X 10**5 


Months Arithmetic Mean Maximum Reading* 
September, 1978 9 29 
October 16 4] 
November 16 52 
December 14 48 
January, 1979 32 66 
February 17 Tis: 
March dik 39 
April 1] 43] 
May 10 2/7 
June 1] 2 | 
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V, SUMMARY 


One year of baseline air quality data has been collected in the Flathead 
Basin. Monitoring is continuing and additional work on the emission inventory 
and simulation modeling is anticipated. The data collected to date has 
established levels of particulates in populated and remote areas of the basin. 
Data has also been collected on particle size, sulfates, nitrates, and trace 
elements. 

Meteorological data collection has been conducted for surface and upper 
air variables. Upper air data collection has been conducted at one central 
location whereas surface meteorological data collection has been conducted 
at six locations in the basin. 

Visibility related measurements have been taken at one central location 
in the basin. Measurements have been made for scattering coefficient, 
turbidity, and diffuse radiation. Monitoring of these variables is continuing 


in an effort to assess any trend in these variables. 
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January 1978 February 1978 
Calm 3.9% Calm 2.6% 
(Total Hours 102) (Total Hours 232) 
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Kalispell, Montana 


June 1978 
Calm 0.0% 
(Total Hours 166) 
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Glacier Park International Airport Site 
Kalispell, Montana 


July 1978 August 1978 
Calm 0.0% Calm 0.0% 
(Total Hours 679) (Total Hours 711) 


September 1978 October 1978 
Calm 0.0% Calm 0.0% 
(total Hours 705) (Total Hours 726) 
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Kalispell, Montana 


November 1978 December 1978 
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(total hours 708) (total hours 732) 


S . 
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Kalispell, Montana 
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Summer |1978 Autumn 1978 
Calm G. 0% Calm 0.0% 
(Total Hours 1556) (Total Hours 2139) 
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Glacier Park International Airport Site 
Kalispell, Montana 


Winter 1978-79 Spring 1979 
Calm 0.0% Calm 0.3% 
(Total Hours 2124) (Total Hours 1957) 


May 1978 June 1978 
Calm’. 65% Calm. :8. 8% 
(Total Hours 248) (Total Hours 240) 
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National Weather Service 
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(34 61%) 


June 1979 
Calm 1.37% 


petite (Total Hours 699) 


(Total Hours 720) 
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FREQUENCY SUMMARY OF I'IVERSIONS (PERCENTAGES) 
LOCATION: Kalispell” 
MONTH OR SEASON: Summer 1978 MORNING 
INVERSION BASE HEIGHT 


| 
1- 101-. | 2514 7 501-°) 751- , 1001-.|.1501- |) 2001+ 4.2503 1 
_. THICKNESS. SFC | 100 | 250 500 750 1000 | 1500 | 2000 | 2500 | 3000 {73000 | Tot! 
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fost |. | 3.3] 3.3 | ey [33 | 3.3 | 30.8 0.0 || ae 
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FREQUENCY SUMMARY OF I'IYERSIONS (PERCENTAGES) 


LOCATION: Kalsipell 
MONTH OR SEASON: Autumn 1978 MORNING 


INVERSION BASE HEIGHT 
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MeCKNESS... SFC PODS S25 0io 4 500 750 1000 1500 2000 2500 3000 > 3000 Tota! 
1-100 He a ee | et | 8g 37.8 
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(01-750 Eee Sa ee ee ees ee 
Beta Peas [te onsite || aay [stat [20,0] 82.2 
0 eeealo 17.8 . 
| Total No.-of Occurrences 
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FREQUENCY SUMMARY OF INVERSIONS (PERCENTAGES) 


LOCATION: Kalispell 
MONTH OR SEASON: Winter 1978-79 MORNING 


INVERSION BASE HEIGHT 


l=] HOTS -P 251= 1 SOTS 4 751= | Woo 1 soil) pont? | eee t 
_. THICKNESS. SFC | 100 | 250 {500 | 750 | 1000°) 1500 | 2000 | 2500 | 3000 j78000 | Total 


101-250 ES ETat eS get 
251-500 | 1.6 a 1 aks 6 See. 
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eur A ee 
501-750 K+} Pie om eee erm 
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Inversion 
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Ae) eer wer ee one ese 


2 i ee | 
Dae ae eer fica ism aT | 
Oe 


ROW ies PN et 


TABLE 


FREQUENCY SUMMARY OF INVERSIONS (PERCENTAGES) 


LOCATION: Kalispell 
MONTH OR SEASON: Spring 1979 MORNING 
INVERSION BASE HEIGHT 


| | ral ad. 25 
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q 17 
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5.9 29.4 
11.8 41.2 
5.9 | 23.5 


FLATHEAC ENVIRONMENTAL STUDY 
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FAZAVIFSFFTSETFZTAIAZFIZASFTAZFPLZERKCEZZWOFEEE 


ACOUSTIC RADAR ANALYSIS 
MONTH OF JULY 
6601-1200 MST 


ASE .JGP TYPE 
200MId¢C100M) * 
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ACOUSTIC RADAR ARALYSIS 
FLATFEAD ENVIRONMENTAL STUDY 
kha FIRST INVERS IGN FREQUENCY OF OCCURRENCE TABLE #*£e20%% 
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